SHIFTING cultivation and modern agriculture are the major drivers of deforestation globally. Deforestation was patchy before the Europeans colonized the world 1 . Beginning in the late 18th century, industrial development exacerbated the pressure on forests for wood. Consequently, 15% of the world's forests was deforested 2 . Much of the forest clearing took place in the tropical regions 1 , which continues even today. Forests provide a multitude of important services 3 . Burgeoning growth of the human population and resultant rapid destruction of forests for agriculture, infrastructure and industrial development have been immensely detrimental to the world ecology and economy. Forest depletion is responsible for the loss of species habitat and the biodiversity throughout the earth 4 . Deforestation also adds to global warming and climate change 5 . Hence, continuous forest cover monitoring using modern tools is imperative to understand the cause-and-effect scenario of the global forests. According to a study conducted using remote sensing, India lost 28% of forest cover between 1930 and 2013 (ref. 6 ). Puyravaud et al. 7 estimated a high rate of forest decline, i.e. 0. .5% per year in India, though the rate has slowed down of late 6 . Forest and biodiversity depletion still persists in the country, with the highest rate in Assam, North East (NE) India. The Bodo ethnic community in Assam resorted to large-scale deforestation after 1990, since their demand for a separate state was not met for long time. Srivastava et al. 8 10 found that manelephant conflicts have exacerbated in Sonitpur from the early 80s onward because of the human occupation of erstwhile elephant habitats in the district. Asian elephants, with a large home range and food requirements, have been severely affected by habitat degradation, fragmentation, forest depletion and ultimate loss of corridors 11, 12 , and consequent human-elephant conflicts 13 . Such conflicts have significantly increased over time. Geospatial technology has been used effectively in the past for forest cover dynamics 6, 14, 15 and wildlife habitat 16, 17 studies in India. The present study was undertaken to monitor and predict the ever-continuing deforestation in one of the India's most important elephant habitats extending over an area of 42,375 km 2 comprising parts of Assam and Arunachal Pradesh (up to 1000 m elevation) in the Lesser Himalaya, NE India. Cellular Automata Markov Model (CAMM) was employed to predict the land cover for a future period, as CAMM performs better in spatio-temporal domain 18 . As elephants are long-ranging animals and are distributed across the landscape, it is important to carry out the study covering large areas to address the habitat status over time, which can be used for effective habitat conservation.
The study area covered a vast elephant landscape of 42,375 km 2 along the West Bengal-Assam, AssamBhutan, Assam-Arunachal Pradesh borders in the Lesser Himalaya, NE India (25°44′46″-28°20′01″N and 89°42′00″-96°24′21″E) ( Figure 1 ) and encompassed two biogeographic zones 19 , viz. Himalaya and North-East and the Himalaya biodiversity hotspot. Singh and Kushwaha 20 reported nearly 75% encroachment-related vegetation loss in the Himalaya biodiversity hotspot. Large number of tea gardens are located across the study area. It also harbours evergreen, semi-evergreen, moist deciduous, sal and khair-sissoo forests 21 and includes parts of three elephant ranges and six elephant reserves 22 . A report by the Ministry of Environment and Forests, Government of India has addressed the area as an 'elephant landscape' 23 . With the highest rate of deforestation in India, the study area can also be addressed as the 'deforestation hotspot of India'. Tiwari et al. 24 have referred to Sonitpur district as a 'ground zero' for human-elephant conflicts. With an estimated elephant population of 10,139, NE India is considered as one of the largest strongholds of the Asian elephant 25 . The US Army topographic maps (USATM) of 1924 on 1 : 250,000 scale together with multi-date Landsat MSS, TM, IRS LISS-III images pertaining to 1975, 1990, 2000 and 2009 respectively, were used to monitor forest cover over an 85-year period (Figure 2 a and b) . Using 2000-2009 period forest change and CAMM, forest cover for the year 2028 was predicted. The satellite image processing included dark pixel subtraction-based radiometric correction 26 , followed by geometric correction of IRS LISS-III images employing ortho-rectified Landsat images. Histogram matching was carried out for preparing image mosaic for the entire study area, followed by visual on-screen interpretation for mapping the intended forest and non-forest categories. Image mosaic was then used for forest types and canopy density (10-40% = open and >40% = dense forest) mapping. The USATM facilitated in the mapping of forest cover only. Interim map prepared from the satellite image mosaic of 2009 was field-checked from 5 to 20 March 2009 (optimal season for the study area) for interpretation and accuracy assessment.
The vector layers of vegetation types/land uses were generated from the satellite image of 2009 in the beginning. These layers were used with satellite image mosaics of the preceding periods, i.e. 1975 and 1990 for mapping of the change areas. A total of 489 field points was ground-visited using Trimble Juno-SB GPS receiver and Survey of India topographic maps. The geo-coordinates of all the points, encompassing forest types, canopy density and land use categories were recorded. This was followed by post-field interpretation and rectification of the maps using 250 field points. The remaining 239 points were used for mapping accuracy assessment. Forest cover change was worked out through post-classification comparison, while the annual rate of change was estimated using Puyravaud's 27 formula Forest cover change (%) = 
where (t 2 -t 1 ) is the period analysed, and A 1 and A 2 represent forest area at time t 1 and t 2 respectively. Forest cover prediction for 2028 was made using 1990 and 2009 forest vector layers in CAMM with a 5 × 5 contiguity filter. The chi-square (χ 2 ) test for goodness of fit was applied to test the potential of the model. Satellite images facilitated in the mapping of all forest types in the study area 21 . We achieved a classification accuracy of 86.75% for the 2009 map, which implies that the accuracy of the satellite image-based maps for the other two periods was also high. Both dense and open categories of the seven forest types, viz. subtropical evergreen, tropical wet evergreen, tropical semi-evergreen, moist deciduous, sal, riverine and bamboo forests, and five non-forest categories, viz. scrub, tea garden, nonforest, river and settlement could be mapped for all periods (Figure 3 a and b) . Geospatial analysis showed extensive loss of forest cover and a very high rate of deforestation from 1924 to 2009 ( (Figure 4) . A forest cover depletion of 17.92% was seen from 1924 to 2009. The predicted forest cover for 2028 was found to be 9007.14 km 2 , showing a further decrease by 2.94%. Conversely, the non-forest area increased by 17.92% during the period 1924-2009.
There was 0.64% mean annual rate of forest depletion in the study area from 1924 to 2009 (85 years); the highest (0.93%) and lowest (0.36%) was during 1990-2000 and 1975-1990 respectively. Nearly 7590 km 2 forest cover was depleted in 85 years, while another 1249.44 km 2 forest cover is predicted to be lost by 2028. Comparatively, the annual rate of deforestation was higher in Assam than in Arunachal Pradesh, primarily due to inhospitable mountainous terrain in the latter 14 . Among the districts in Large-scale decline of forests has progressively diminished flora and fauna alike. Deforestation and loss of wildlife habitat in upper Assam is likely to influence not only the adjoining Bhutan and Arunachal Pradesh, but also lower Assam so far as the wildlife and ecosystems are concerned. Therefore, forests need to be restored to their original status for long-term survival of humans and wildlife. This study has demonstrated the potential of geospatial technology and CAMM in forest cover monitoring and prediction.
